Introduction
============

Chest trauma is the third most common trauma type following trauma of head and extremities in polytrauma patients.[@b1-tcrm-13-1085] Although in about half of the cases, the trauma is minor trauma, one-third of them require hospitalization.[@b2-tcrm-13-1085] Chest trauma is categorized as blunt or penetrating according to the presence of injury in the chest wall. Penetrating trauma is rare and has a higher probability to be limited to the chest. Blunt chest trauma is directly responsible for 25% of all trauma-related deaths and is a major factor in another half of trauma-related mortality.[@b3-tcrm-13-1085] Most blunt traumas are secondary to motor vehicle crashes (63%--78%), and the remaining are caused by falls from heights (10%--17%).[@b4-tcrm-13-1085]

Portable chest radiography is the first-line imaging method used for the emergency evaluation of a polytrauma patient. However, the superiority of computed tomography (CT) over chest radiography has been documented in the literature by the former's ability to demonstrate significant lesions in cases with normal initial radiography.[@b5-tcrm-13-1085] Multidetector computed tomography (MDCT) has been an increasingly used method to evaluate chest trauma in polytrauma subjects owing to its significantly better ability in detecting tissue and organ injuries than chest radiography.[@b2-tcrm-13-1085],[@b6-tcrm-13-1085],[@b7-tcrm-13-1085] Furthermore, the utilization of MDCT is increasing in blunt chest trauma injury cases and leading detection of significant lesions. However, the significance of the lesions is not so much demonstrated for blunt chest traumas.[@b8-tcrm-13-1085]

Because MDCT has been established as the gold standard for imaging evaluation of chest trauma and is used more frequently, radiologists should better familiarize themselves with MDCT findings of chest trauma. Herein, we aimed to present the MDCT findings in patients with blunt and penetrating chest trauma admitted to our department.

Methods
=======

This retrospective study includes 240 patients admitted to the emergency department of our hospital between April 2012 and July 2013 with a diagnosis of chest trauma who underwent an MDCT evaluation. Patient demographics, including age, gender, and type of injury, were obtained from the hospital's medical records. Most of the patients were male (n=200, 83.3%) and victims of a blunt chest trauma. The major type was blunt chest trauma (78.3%), with penetrating type in 21.7% of patients. Most of the blunt traumas were caused by motor vehicle crashes (n=115, 61.2%), while falls from heights (n=59, 31.4%) was the second most frequent cause. The most common cause of penetrating chest trauma was stab injury (n=32, 61.5%).

All imaging findings of the 240 patients who underwent MDCT with 16-MDCT Toshiba Aquilion (Toshiba Medical Systems Corporation) and 64-MDCT scanner (Brilliance CT scanner; Philips Healthcare) were analyzed with respect to the presence of fractures of bony structures (rib, scapula, clavicle, sternum, and thoracic vertebra), hemothorax, pneumothorax, mediastinal organ injury, and pulmonary, tracheal, abdominal, aortic, and vascular lacerations.

All images were obtained from the picture archiving and communication system (PACS) and evaluated at the work station. We used sagittal, coronal, and volume-rendered reformatted images beside the axial images.

Continuous variables were expressed as mean ± standard deviation and frequencies as percentages. Categorical variables of blunt and penetrating trauma were compared using the chi-squared test. Fisher's exact test was used for statistical significance when a value \<5 was present in the 2×2 table. A *p*-value \<0.05 was considered as statistically significant.

Ethics
------

Ethics committee approval and patient consent are not required by regulations in Turkey for studies with a retrospective design. Dicle University School of Medicine Board has reviewed and confirmed this study as retrospective and waived approval. Patient data used were anonymized.

Results
=======

Rib fractures were diagnosed in 100 (41.7%) patients, of whom 44 had right-sided rib fractures and 40 had left-sided rib fractures; 6.7% had bilateral rib fractures on MDCT images ([Figure 1](#f1-tcrm-13-1085){ref-type="fig"}). Scapular fracture was detected in 11.2% of the patients and clavicle fractures in 7.5% of the patients ([Figure 2](#f2-tcrm-13-1085){ref-type="fig"}). The percentages of thoracic vertebral and sternal fractures were 13.8% (n=33) and 3.8% in the entire study population.

The prevalence of hemothorax, pneumothorax, pneumomediastinum, and subcutaneous emphysema was 34.6%, 62.1%, 9.6%, and 35.4%, respectively.

Pulmonary contusion diagnosed in 55.8% (n=134) cases was right sided in 39 cases and left sided in 37 cases. Pulmonary laceration was present in 47 (19.6%) cases ([Figure 3](#f3-tcrm-13-1085){ref-type="fig"}). Bronchial lacerations were rare (1.6%). The most common types of pulmonary lacerations were Type 1 (n=22) and Type 2 (n=19).

The prevalence of sternal fracture not diagnosed by axial images but diagnosed by sagittal reformatted images was 33.3%. Although we were able to diagnose all of the spinous and transverse process fractures of thoracic vertebrae by axial images, sagittal and coronal reformatted images were required in 24.2% of the cases with vertebral body compression fracture.

Diaphragmatic injury occurred in 4.2 of our cases ([Figure 4](#f4-tcrm-13-1085){ref-type="fig"}). We did not detect any aortic, tracheal, or pulmonary artery injury in any patient. The most commonly injured abdominal organs were the liver (n=23) and spleen (n=17) among the chest trauma patients.

We detected significantly higher rates of rib fracture, clavicle fracture, thoracic vertebral fracture, and pulmonary contusion in the blunt trauma group than in the penetrating trauma group (*p*\<0.05). However, rates of hemothorax, subcutaneous emphysema, diaphragmatic injury, and other vascular lacerations were significantly higher in the penetrating trauma group than in the blunt trauma group (*p*\<0.05; [Table 1](#t1-tcrm-13-1085){ref-type="table"}).

Discussion
==========

Rib fracture is the most common injury in blunt chest trauma, and CT is the best method of visualization.[@b5-tcrm-13-1085] Rib fractures have been detected in half of the patients with blunt chest trauma.[@b1-tcrm-13-1085],[@b9-tcrm-13-1085],[@b10-tcrm-13-1085] Rib fractures were detected in 41.7% of the total cohort, with 48.7% in the blunt trauma group and 14.3% in the penetrating chest trauma group. Demirhan et al[@b11-tcrm-13-1085] reported rib fractures in 34% of 4,205 patients, which is lower than that reported in our study. The low ratio of patients with blunt trauma in their study (66% vs 78.3%) may account for the difference.

Scapular fracture is a rare finding in patients with chest trauma and has been reported in 3.7%--7.9% of those with blunt chest trauma.[@b1-tcrm-13-1085],[@b9-tcrm-13-1085]--[@b12-tcrm-13-1085] The ratio of patients with scapular fractures in the blunt and penetrating groups was 12.2% and 7.7%, respectively. Sternal fractures have been reported in 3%--8% of blunt chest trauma cases.[@b9-tcrm-13-1085]--[@b12-tcrm-13-1085] It is difficult to detect sternal fractures on chest radiographs and even on axial CT images. However, sagittal and coronal MDCT reformats are significantly superior in detecting sternal fractures. A prevalence of 4.8% in our blunt trauma group is consistent with the literature. No case of sternal fracture was detected in our penetrating chest trauma group.

Thoracolumbar vertebrae fractures have been detected in 18% of patients with blunt chest trauma.[@b12-tcrm-13-1085] This number was reported to be 27.9% in a study by Turkalj et al[@b13-tcrm-13-1085] that included 62 patients. Our study reported 17.6% thoracolumbar vertebral fractures in the blunt trauma group, consistent with the literature. Hemothorax is a common finding and may be present in up to half of the cases.[@b9-tcrm-13-1085] In our study, it was higher in the penetrating trauma group with a ratio of 48.1%. Trauma-related pneumothorax has been reported in a wide range of patients (15%--50%) and mostly caused rib fractures leading to lacerations.[@b1-tcrm-13-1085],[@b9-tcrm-13-1085],[@b13-tcrm-13-1085] It was detected with similar rates of 62% and 63% in blunt and penetrating trauma groups, respectively, in our study. The prevalence of pneumomediastinum in blunt trauma is 10% in the literature,[@b9-tcrm-13-1085] which is similar to the value of 9.6% reported in our cohort.

Patients with blunt chest trauma are reported to have a 15%--34% prevalence of subcutaneous emphysema.[@b12-tcrm-13-1085],[@b13-tcrm-13-1085] This was similar to that observed in our blunt trauma group that had a subcutaneous emphysema prevalence of 20.7%, while in the penetrating trauma group, the prevalence was 88.5%.

Pulmonary contusion is the most common lung injury in patients with blunt chest trauma, with a prevalence of 17%--70%, and is seen more commonly than pulmonary laceration.[@b1-tcrm-13-1085],[@b5-tcrm-13-1085] The prevalence of pulmonary contusion was 62.2% in the blunt trauma group, which is significantly higher than the penetrating group (32.7%). Pulmonary laceration was detected in similar frequencies in both groups.

In one-third of patients with sternal and thoracic vertebral fractures, we demonstrated the benefits of sagittal and coronal reformatted images made available by the MDCT technique with no additional radiation exposure. Volume-rendered images were used to comprehensively evaluate patients with multiple rib fractures. In the trauma setting, a complicated chest wall fracture can be better evaluated with this technique.

Diaphragmatic injuries are rare, with a prevalence of 0.16%--5% in blunt chest trauma and more common in penetrating traumas.[@b1-tcrm-13-1085],[@b5-tcrm-13-1085],[@b9-tcrm-13-1085] The prevalence was 0.5% in our subjects with blunt trauma. However, it was high (17.3%) in the penetrating group.

Tracheobronchial injuries are rarely seen in clinical practice because of high prehospital mortality. They have been reported in 0.2%--8% of patients with blunt chest trauma.[@b1-tcrm-13-1085],[@b9-tcrm-13-1085],[@b13-tcrm-13-1085]--[@b15-tcrm-13-1085] Esophageal injury is extremely rare, because the esophagus is well protected in the mediastinum. Most esophageal injuries occur from penetrating chest traumas with a prevalence of 1%--1.6%.[@b9-tcrm-13-1085],[@b13-tcrm-13-1085] We detected just one case of esophageal injury among the 240 subjects. The retrospective nature of our study is the major limitation.

Conclusion
==========

Chest trauma is a common trauma type with high mortality in polytrauma patients, and MDCT has been increasingly used to evaluate chest trauma in these cases owing to its superior performance in detecting tissue and organ injuries compared with chest radiography. MDCT images may yield high prevalence of fracture of bony structures, soft tissue lacerations, and vascular lesions, which should be well understood by radiologists dealing with trauma.
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![An 82-year-old woman who suffered from a motor vehicle accident.\
**Note:** Serial rib fractures are seen on the volume-rendered reconstructed image (black arrows).](tcrm-13-1085Fig1){#f1-tcrm-13-1085}

![A 35-year-old man who fell from a height.\
**Note:** A volume-rendered image view from the posterior aspect demonstrates right clavicle and scapula fractures (white arrows).](tcrm-13-1085Fig2){#f2-tcrm-13-1085}

![A 33-year-old man who had a motor vehicle crash had right lung laceration (white arrow) and surrounding contusion.\
**Note:** The figure also shows pneumothorax (black arrow) and pneumomediastinum (star).](tcrm-13-1085Fig3){#f3-tcrm-13-1085}

![A 36-year-old man with penetrating trauma\
**Note:** There is a small defect on the left hemidiaphragm (arrow) and herniation of the intra-abdominal fat to the left hemithorax on the coronal-reconstructed CT images.\
**Abbreviation:** CT, computed tomography.](tcrm-13-1085Fig4){#f4-tcrm-13-1085}

###### 

Comparison of MDCT findings in blunt and penetrating trauma groups

  -----------------------------------------------------------------------------------
  Trauma findings                   Blunt trauma\   Penetrating trauma\   *p*-value
                                    (n=188)         (n=52)                
  --------------------------------- --------------- --------------------- -----------
  Rib fracture (%)                  48.4            17.3                  \<0.0001

  Scapular fracture (%)             12.2            7.7                   ns

  Clavicle fracture (%)             9.6             0                     0.016

  Thoracic vertebral fracture (%)   17.6            0                     \<0.0001

  Sternal fracture (%)              4.8             0                     ns

  Hemothorax (%)                    30.9            48.1                  0.021

  Pneumothorax (%)                  61.7            63.5                  ns

  Pneumomediastinum (%)             9.0             11.5                  ns

  Subcutaneous emphysema (%)        20.7            88.5                  \<0.0001

  Pulmonary contusion (%)           62.2            32.7                  \<0.0001

  Pulmonary laceration (%)          19.1            21.2                  ns

  Bronchial lacerations (%)         1.1             3.8                   ns

  Other vascular lacerations (%)    0.5             5.8                   0.033

  Diaphragmatic injury (%)          0.5             17.3                  \<0.0001

  Abdominal organ laceration (%)    31.9            32.7                  ns
  -----------------------------------------------------------------------------------

**Abbreviations:** MDCT, multidetector computed tomography; ns, nonsignificant.
